We have previously demonstrated that Sindbis virus infection of Chinese hamster ovary (CHO) cells altered the protein glycosylation machinery of the cell, so that both normal, full-size (nine mannose-containing) oligosaccharides and abnormal, 'truncated' (five mannose-containing) oligosaccharides are transferred from lipid-linked precursors to newly synthesized viral membrane glycoproteins. In the present studies, we have examined the precursor oligosaccharides on viral glycoproteins that were pulse-labelled with [3H]mannose in the presence or absence of glucose, since glucose starvation of uninfected CHO cells has been reported to induce synthesis of truncated precursor oligosaccharides. Pulse-labelling in the absence of glucose led to a greater than 10-fold increase in the relative amount of the truncated precursor oligosaccharides being transferred to the newly synthesized viral glycoproteins and to an apparent underglycosylation of some precursor viral polypeptides, with some asparaginyl sites not acquiring covalently linked oligosaccharides. The mature virion glycoproteins from CHO cells which were pulse-labelled in the absence of glucose and then 'chased' in the presence of glucose contained proportionately more unusual Man3GlcNAc2-size oligosaccharides. These small neutral-type oligosaccharides were apparently not as good a substrate for further processing into complex acidic-type oligosaccharides as the normal Man5GlcNAc 2 intermediate that results from the full-size precursor oligosaccharides.
INTRODUCTION
Sindbis virus is a lipid-enveloped, RNA-containing virus belonging to the togavirus group, and the mature virion contains'two major envelope glycoprotein species, E1 and E2, with approximate molecular weights of 50000 to 55 000 (Strauss & Strauss, 1977) . E2 is derived from an intracellular precursor, PE2, by specific proteolytic cleavage (Schlesinger & Schlesinger, 1972) , with the release of another small glycoprotein, E3, that can be recovered in the medium of virus-infected cell cultures (Welch & Sefton, 1979) . PE2 contains three potential Asn-X-Ser/Thr glycosylation sites (one for E3 and two for E2) and E1 contains two potential sites (Rice & Strauss, 1981) . The asparagines at all of these sites are apparently glycosylated (Burke & Keegstra, 1979; Welch & Sefton, 1979; Hsieh et al., 1983) .
PE2 and El are initially glycosylated in the rough endoplasmic reticulum by the en bloc transfer of a large precursor oligosaccharide (Glc 3 Man9GlcNAc2, Fig. 1 a) from a lipid carrier, as has been demonstrated for a large number of viral and cellular glycoproteins (Hubbard & Ivatt, 1981) . Following rapid removal of terminal glucose residues and subsequent transfer of the glycoproteins to Golgi membranes, the oligosaccharides on the viral glycoproteins are processed into various mature structures (complex acidic-type, hybrid-type, and high-mannose, neutral-type) by the action of specific ~-mannosidases and glycosyl-transferases (Hubbard & Ivatt, 1981) . Fatty acid acylation (Schmidt & Schlesinger, 1980) and proteolytic cleavage of PE2 Glc3Man9GlcNAc.,, the full-size precursor, is the major lipid-linked oligosaccharide transferred to protein (Hubbard & I vatt, 1981) . Glc3MansGlcNAc,, the 'truncated' precursor (lacking the four mannoses in the dashed box), is transferred to Sindbis virus glycoproteins in virus-infected CHO cells.
(b) Structure of intermediate/mature oligosaccharides. MansGlcNAc2 oligosaccharides (minus GIcNAc in parentheses) and Man3GlcNAc 2 oligosaccharides (minus the two mannoses in the dashed box and the GIcNAc in parentheses) are derived from the full-size and truncated precursors, respectively, by the action of glucosidases and e-mannosidase I (Tabas & Kornfeld, 1979; Tulsiani et aL, 1982) and are the most highly processed, mature oligosaccharides (from their respective precursors) in Glti CHO cells (Robertson et al., 1978; . In wild-type CHO cells, the addition of GIcN Ac (in parentheses) by Glt I is the next step in the synthesis of complex acidic-type oligosaccharides from the MansGlcNAc2 and Man3GlcNAc2 oligosaccharides . Addition of GlcNAc to Man5GlcNAc 2 may also lead to synthesis of hybrid-type oligosaccharides.
to E2 and E3 (Bonatti & Cancedda, 1982; Hakimi & Atkinson, 1982) also apparently occur in the Golgi membranes, prior to the appearance of the mature E1 and E2 proteins in the plasma membrane. Our previous studies of Sindbis virus-infected Chinese hamster ovary (CHO) cells have demonstrated that, in addition to full-size precursor oligosaccharides (Glc 3 Man9GlcNAc2, Fig.  la) , 'truncated' precursor oligosaccharides (Glc3MansGlcNAc2, Fig. la) are transferred from lipid to Sindbis virus proteins . In virus-infected CHO cells which were deficient in N-acetylglucosaminyl transferase I (Glti) and therefore unable to synthesize complex acidic-type oligosaccharides [(NeuNAc + GaI-GlcNAc)2Man3GlcNAc2 (+__ fucose)-Asn] (Narasimhan et al., 1977) , the truncated precursor oligosaccharides were processed to unusual small asparaginyl-oligosaccharides (Man3GlcNAc2, Fig. 1 b) . In contrast, the full-size precursor oligosaccharides were processed to MansGlcNAc 2 ( Fig. 1 b) oligosaccharides that were equivalent to an intermediate in the synthesis of complex acidic-type and hybrid-type oligosaccharides in the 'wild-type' CHO cells (Hunt, 1981; .
In uninfected wild-type CHO cells, these truncated precursors have been reported to be transferred to cellular glycoproteins in only minor amounts (Chapman et al., 1979 a) . However, the uninfected CHO cells appear to be very sensitive to glucose starvation, and respond by synthesizing and transferring to protein primarily the truncated precursor oligosaccharide (Gershman & Robbins, 1981 ; Rearick et aL, 1981) . These truncated precursor oligosaccharides are also the major lipid-linked oligosaccharides transferred to protein in a mutant mouse lymphoma cell line (Chapman et al., 1979b; Trowbridge & Hyman, 1979) , and may be processed to complex acidic-type oligosaccharides by an 'alternate' pathway . We were, therefore, interested in determining whether glucose deprivation of Sindbis virus-infected CHO cells would modulate the amounts of truncated precursor oligosaccharides and unusual mature Sindbis virus glycoprotein oligosaccharides, or have any additional effects on viral protein glycosylation in either the wild-type or Glt~-CHO host cells.
METHODS

Growth of cells and viruses.
A mutant CHO cell line selected for resistance to phytohaemagglutinin and the wildtype CHO cell line from which it was selected were obtained from Dr P. Stanley, Albert Einstein College of Medicine. The mutant CHO cell line has the Lec 1 phenotype (Stanley, 1983) and is deficient in Nacetylglucosaminyl-transferase I (Glt~-) (Narasimhan et al., 1977) . The cells were grown in monolayer cultures at 37 °C in Eagle's minimum essential medium (MEM, Gibco) containing 10% foetal bovine serum (Gibco) and supplemented with 10mg/l each of glycine, adenosine, and thymidine.
Radiolabelling of virus and cells. Nearly confluent wild-type and Glti CHO monolayer cultures (75 cm 2 flasks) were infected with 20 p.f.u/cell of purified Sindbis virus in 1.5 ml of MEM lacking serum. After an initial adsorption period of 45 min at 37 °C, 7.5 ml of MEM containing 5 % serum was added. At 4.5 h post-infection, the medium was removed from the flasks and one set of virus-infected cells was incubated for 20 or 30 min in either 100 laCi/ml [2-3H]mannose [24 to 28 Ci/mmol; New England Nuclear (NEN)] or 20 laCi/ml L-[3,4,5-3H]leucine (140-8 Ci/mmol; NEN) in MEM containing 2% serum and one-fifth the normal glucose concentration (0.2 mg/ml, instead of I-0 mg/ml). A second set of cells was first rinsed with MEM lacking glucose and serum and then radiolabelled as described above except in MEM minus glucose and serum. Serum was omitted because of the presence of undetermined amounts of glucose in the foetal bovine serum. At the end of the labelling period, the virus-infected cells were immediately placed on ice, the labelling medium was removed, and the cells were harvested by scraping with a rubber policeman into unlabelled MEM at 0 °C. Homogenates containing the cellassociated glycoproteins were prepared from the cells as described previously (Hunt & Summers, 1976) .
For pulse-chase radiolabelling, the cells were further incubated after removal of the labelling medium in 10 ml of MEM containing 5 % serum and 1 mta-mannose for 2.5 h. The virus-infected cells were harvested as described above and the culture medium was clarified by centrifugation at 1000 r.p.m, for 2 rain and 10000 r.p.m, for 10 min at 4 °C in a Beckman JA20 rotor. Released virus in the clarified medium was purified as described previously .
Preparation and glycosidase treatments of radiolabelled viral glycopeptides.
[3H]Mannose-labelled glycoproteins were precipitated with n-butanol from Nonidet P40 (NP40; Shell Chemical Co.)-treated virus or homogenate fractions as described previously (Hunt & Summers, 1976) . These butanol-extracted glycoproteins were extensively digested with Pronase (Calbiochem-Behring) and desalted on a 120 × 1-0 cm column of Sephadex G-15/G-50 (Pharmacia) before glycosidase digestion (Etchison et al., 1977; Hunt & Summers, 1976) .
Alternatively, the butanol-extracted glycoproteins were digested with 1 mg/ml of trypsin (diphenyl carbamyl chloride-treated, Sigma) in 1 mM-HCI as described by Robertson et al. (1976) . Tryptic glycopeptides were desalted on a 120 × 1-0 cm column of Sephadex G-10 (Sigma). Aliquots (100 p.l) of each 1.6 ml fraction were assayed for radioactivity, and fractions containing radioactivity were pooled and lyophilized. Tryptic glycopeptides were digested with 1.25 units of almond emulsion peptide : N-glycosidase (a gift of Dr A. L. Tarentino, Albany, N.Y., U.S.A.) in 0-1 M-potassium phosphate pH 5-1, overnight at 37 °C, and then desalted on a Sephadex G-10 column as described above.
For endo-/~-N-acetylglucosaminidase H (ENDO-H ; Health Research Inc., Albany, N.Y., U.S.A.) digestions of intact virion glycoproteins, virus was first boiled for 2min in the presence of 1% NP40 and 1% SDS, prior to incubation overnight at 37 °C in the presence or absence of ENDO-H . In digestions of cellassociated glycoproteins, NP40 was omitted from the reaction mixtures because of an apparent effect on the mobility of El (unpublished observations). 14C-labelled bovine serum albumin (BSA; NEN) was included as an ENDO-H-resistant internal standard in some of the digestions. The ENDO-H digestions were terminated by boiling for 2 min in polyacrylamide gel sample buffer containing 2% SDS. Pronase-digested glycopeptides were digested with ENDO-H or purified endo-/~-N-acetylglucosaminidase D (ENDO-D; Miles Laboratories) as previously described (Etchison et al., 1977; Hunt et al., 1978) .
SDS-PAGE of Sindbis viral proteins. Aliquots of ENDO-H-treated and untreated purified virus or cellular
homogenates were subjected to electrophoresis in either 8% or 10% polyacrylamide slab gels using the discontinuous buffer system of Laemmli (1970) . After electrophoresis, the slab gels were fixed and stained in a solution consisting of 0.04% (w/v) Coomassie Brilliant Blue R (Sigma), 50% (v/v) methanol and 7% (v/v) glacial acetic acid. The gels were destained in a solution of 5% (v/v) methanol and 7% (v/v) glacial acetic acid, and processed for fluorography in En 3Hance (NEN) or according to the procedure of Bonner & Laskey (1974) . After drying, the gels were exposed at -70 °C using Kodak X-Omat L-film. Densitometer tracings were made from the autoradiographs and integrated using a Flur-Vis Autoscanner (Helena Laboratories, Beaumont, Tx., U.S.A.).
Analysis of virion and cell-associated glycoproteins. Oligosaccharides released by peptide : N-glycosidase or
ENDO-H treatments were separated from residual glycopeptides by chromatography on Dowex AG I-X4 (BioRad) or Dowex I-X2 (Sigma) (formate) anion-exchange columns (5 × 0.6 cm). Glycopeptides and oligosaccharides were analysed by gel filtration through a column (120 × 1.5 cm) of Bio-Gel P-4 (-400 mesh; BioRad) along with unlabelled and ~C-labelled gel filtration standards (Hunt & Summers, 1976; Hunt et al., 1978) .
The gel filtration standards were not utilized as molecular weight standards, but were useful in comparing different samples run separately on the same column. Prior to running the unknown 3H-labelled sample, the column was calibrated with various 3H-labelled oligosaccharides (MannGlcNAc ~, n = 3 to 9) as described previously (Hunt, 1981) .
RESULTS
The effects of the presence or absence of glucose during pulse-labelling of Sindbis viral glycoproteins and cell-associated glycoproteins
In order to determine the effects of glucose deprivation during biosynthesis of Sindbis virus precursor glycoproteins, infected CHO cells were pulse-labelled in glucose-containing and glucose (and serum)-free medium. As demonstrated in Fig. 2 for both the wild-type and Glt~-CHO cells infected with Sindbis virus, PE2 and E 1 were the only major glycoproteins that were radiolabelled in the presence of glucose, but additional glycoproteins of slightly lower apparent molecular weight than PE2 and E1 were radiolabelled in the glucose-deprived cells. These additional glycoprotein species were suggestive of underglycosylated PE2 and E1 proteins that lacked one or two of the three oligosaccharide chains for PE2 and one of the two chains for E 1, or alternatively, contained smaller oligosaccharide chains. In a corresponding experiment with [3H]leucine pulse-labelling, even lower molecular weight protein bands were observed, suggesting the presence of completely unglycosylated PE2 and E1 proteins which would not have been detected by [3H]mannose labelling (data not shown). In order to determine whether glucose deprivation had any effect on the type of precursor oligosaccharides (truncated versus full-size structures), [3H]mannose-labelled glycoproteins from the Glt7 CHO cells pulse-labelled in the presence or absence of glucose were analysed by SDS PAGE before and after digestion with E N D O -H (Fig. 3) . This enzyme is capable of removing the full-size precursor oligosaccharides, but not the truncated precursor oligosaccharides, by cleaving the O-glycosidic bond between the innermost two N-acetylglucosamine residues (Tarentino et al., 1974) . Thus, for glycoproteins containing one or more full-size precursor oligosaccharides, the [3H]mannose label on these oligosaccharides will be removed by ENDO-H, and the resulting protein will exhibit an increased electrophoretic mobility and a decreased amount of radiolabel. Quantification by densitometer analysis indicated that approximately 8 0~ of the radiolabel was removed by E N D O -H from PE2 and E 1 radiolabelled in the presence of glucose (Fig. 3b) , whereas less than 10~o of the radiolabel was lost from the glycoproteins pulse-labelled in the absence of glucose and serum (Fig. 3a) . These results indicated that the vast majority of precursor oligosaccharides on newly synthesized viral glycoprotein were full-size for cells labelled in the presence of glucose and truncated for cells labelled in the absence of glucose. In addition, these results ( Fig. 2 and 3 ) supported the conclusion that glucose deprivation led to the synthesis of PE2 and E1 containing less than the normal number of oligosaccharides.
To demonstrate directly and to quantify better the significant effect of glucose deprivation on the relative amounts of truncated versus full-size precursor oligosaccharides, [3H]mannoselabelled oligosaccharides derived from the glycoprotein samples shown in Fig. 2(a and b) were analysed by gel filtration after digestion of tryptic glycopeptides with almond emulsion peptide : N-glycosidase. This glycosidase cleaves the N-glycosidic bond between N-acetylglucosamine and asparagine, releasing the intact oligosaccharide, and has been previously demonstrated to be active with tryptic glycopeptides containing complex acidic-, hybrid-, and high-mannose, neutral-type oligosaccharides (Hummer & Tarentino, 1981) . As shown in Fig. 4 , the major oligosaccharide species present in both cell types, when labelling occurred in the presence of glucose, eluted in the position of a MangGlcNAc2-size oligosaccharide (Fig. 4, fractions 66 to 70, dashed line), whereas only a small peak of radiolabel eluted in the position of MansGlcNAc2-size oligosaccharides (Fig. 4 , fractions 75 to 77, dashed line). In contrast, for both cell types labelled in the absence of glucose, the major oligosaccharide species eluted in the position of Man5GlcNAc2-size oligosaccharides (Fig. 4 , fractions 74 to 78; solid line). Additional peaks of radiolabel eluted in the positions expected for glucosylated precursor oligosaccharides (Glc3Man9GlcNAc2, GlclMan9GlcNAc2 and GlclMansGlcNAc2). The ratios of radiolabel in the truncated versus the full-size oligosaccharide precursors (Glc0_3Man5GlcNAc2 :Glc0_3MangGlcNAc2) for CHO cells pulse-labelled in the presence and absence of glucose were estimated to be 0-13 : 1-00 and 1.83 : 1-00, respectively, for Glti CHO cells and 0.13:1.00 and 1.60:1.0, respectively, for wild-type CHO cells. Thus, the absence of glucose caused a greater than 10-fold increase in the relative amount of the truncated precursor oligosaccharides transferred to newly synthesized Sindbis viral glycoproteins.
IP
Maturation of Sindbis virus glycoproteins synthesized in the presence or absence of glucose
In order to determine whether the abnormal precursor glycoproteins synthesized in the absence of glucose would be processed and incorporated into mature virions, cell cultures were subjected to pulse-chase radiolabelling, with the 'chase' occurring in normal medium. The SDS- oligosaccharides regardless of the conditions of the pulse-labelling, without any underglycosylated proteins such as those observed in Fig. 2 for the precursor glycoproteins synthesized in the absence of glucose. The increased heterogeneity and slightly lower electrophoretic mobility for E1 and E2 from the wild-type host cells (Fig. 5a ), compared to E1 and E2 from the Glt? host cells (Fig. 5 b) , was expected because of the processing of some of the oligosaccharides into larger-size, acidic-type structures in the wild-type CHO cells. E N D O -H digestion of the virion glycoproteins from the GltT C H O cells indicated that individual E1 and E2 proteins contained both of their oligosaccharides derived from the same type of precursor structure (either full-size or truncated), as opposed to proteins with an oligosaccharide (Man3 5GlcNAc2, ENDO-H-resistant) derived from a truncated precursor at one site and an oligosaccharide (Mans_9GlcNAc2, ENDO-H-sensitive) derived from a full-size precursor at the other site (data not shown).
Since the radiolabelled proteins suggestive of underglycosylated proteins (containing fewer oligosaccharide chains) were not evident in the mature virions, we determined whether these aberrant proteins remained associated with the virus-infected ceils. Whereas the majority of the radiolabel in the pulse-labelled cells was in the homogenate pellet fractions (containing nuclei, unbroken cells, large cellular debris and, perhaps, perinuclear rough endoplasmic reticulum membranes), approximately equal amounts of radiolabel were present in the clarified homogenate and homogenate pellet fractions from the pulse-chase-labelled cells (Fig. 6) . The predominant radiolabelled proteins after the chase were E1 and E2, with only minor amounts of (Fig. 5a , +_ glucose) were treated with ENDO-H and ENDO-D and analysed by gel filtration (a, b). Similarly, Pronase-digested glycoproteins from virus harvested from Glt]-CHO cells (Fig. 5b , +__ glucose) were digested with E N DO-D and analysed by gel filtration (c, d). The profiles for virions pulse-labelled in the presence (a, c) or absence (b, d) of glucose are shown with internal markers as described in the legend to Fig, 4 , with an additional internal standard (mannose) represented by the vertical arrow on the right. S~, S,, and $3 represent the ENDO-D-and ENDO-H-resistant, complex acidic-type glycopeptides which have two, one and zero sialic acids, respectively. 7, 6, 5, 3 represent ENDO-D-or ENDO-H-released neutral oligosaccharides with the structure Man,GlcNAcl, where n = 7, 6, 5 or 3. PE2, indicating that conversion of PE2 to E2 was relatively efficient regardless of the original conditions of pulse-labelling. The underglycosylated PE2 and E1 proteins were no longer present, suggesting that these partially glycosylated proteins had been degraded. An alternative, but less likely, possibility (Hubbard & Ivatt, 1981) was further glycosylation of these proteins at a post-translational stage.
Alterations in oligosaccharide chains of mature virion glycoproteins synthesized in the presence or absence of glucose
Because of the major differences in the relative amounts of truncated and full-size precursors on newly synthesized viral glycoprotein labelled in the presence or absence of glucose (Fig. 4) , it was of particular interest to determine the corresponding alterations in radiolabelled oligosaccharide structures on mature virion glycoproteins following processing and maturation (of the pulse-labelled glycoproteins) during the 'chase' in the presence of normal amounts of glucose. As shown in Fig. 7(c, d) for ENDO-D-digested virion glycopeptides from the CHO Glt~-host cells, the ratios of radiolabel in the mature oligosaccharides (Man3GlcNAcl :MansGlcNAcl) for E1 and E2 glycoproteins synthesized in the presence of glucose (0.15 :l.00, Fig. 7c ) versus absence of glucose (1.33 :l.00, Fig. 7d ) were similar to the corresponding ratios of truncated to full-size precursors from newly synthesized glycoproteins (0.13 : 1-00 and 1.83 : 1.00, respectively; Fig. 4 b) . These results suggested that the c~-mannosidase I-mediated removal of ct1,2-1inked mannoses (Tabas & Kornfeld, 1979; Tulsiani et al., 1982) had occurred with approximately equal efficiency for the truncated and full-size precursor oligosaccharides (Fig. l a, b) . Both virion samples also contained ENDO-D-resistant glycopeptides (fractions 60 to 80 in Fig. 7c,d ) that contained incompletely processed oligosaccharides from the full-size (Man6 9GlcNAcE-peptide) or truncated precursor structures (Man4 5GlcNAc2-peptide) .
The corresponding ratios of Man3GlcNAcl : MansGlcNAc~ for glycopeptides from the wildtype CHO host cells were 0.52 : 1.00 and 3-56 : 1-00 for pulse-labelling in the presence and absence of glucose, respectively (Fig. 7a,b) . The virion glycoproteins from the wild-type CHO host cells also contained large amounts of ENDO-D-and ENDO-H-resistant, acidic-type glycopeptides (S~ to $3 peaks in Fig. 7a,b) , as expected from the further processing of the ~-mannosidase Itrimmed intermediate structures (Fig. 1 b) by the normal or 'alternate' pathway.
The significantly higher ratios of Man3GlcNAcl : MansGlcNAc~ for the virion glycoproteins from the wild-type versus Glti-CHO host cells (compare Fig. 7a,b with Fig. 7c,d ) suggested that the MansGlcNAc2 intermediate was a preferred substrate compared to the Man3GlcNAc2 'truncated' intermediate for N-acetylglucosaminyl-transferase I in the initial step of processing to complex, acidic-type oligosaccharides. With the assumption that both the relative amounts of truncated and full-size precursor oligosaccharides (Fig. I a) and their respective processing to Man3GicNAc2 and MansGlcNAc., intermediate structures (Fig. 1 b) were identical in the viral glycoproteins from wild-type versus Glt~-CHO cells, one could estimate the relative amounts of truncated and full-size intermediate structures that were processed into complex, acidic-type structures (with the [3H]mannose label in each oligosaccharide species in Fig. 7 normalized for the number of mannose residues in the oligomannosyl core). For Sindbis virion glycoproteins synthesized in the presence of glucose, approximately 60~o of the truncated Man3GlcNAc2 intermediates had been processed into acidic-type oligosaccharides compared to approximately 89~ of the full-size Man5GlcNAc2 intermediates processed into acidic-type oligosaccharides; the corresponding values for virion glycoproteins synthesized in the absence of glucose were 67~o for truncated and 87~ for full-size intermediate structures. DISCUSSION We have demonstrated in the present studies with [aH]mannose-labelled and Sindbis virusinfected CHO cells that glucose deprivation resulted in both: (i) a significant increase in the relative amount of truncated (Glc0_3Man~GlcNAc2) compared to full-size precursor oligosaccharides (Glc0 3 Man9GlcNAc2) on newly synthesized viral PE2 and E1 proteins, and (ii) apparent underglycosylation of some of the viral proteins, with less than three oligosaccharide chains for PE2 and less than two oligosaccharide chains for El. Underglycosylated and completely unglycosylated Sindbis viral precursor proteins have been previously reported for virus-infected cells pulse-labelled with [3SS]methionine in the absence of glucose (Sefton, 1977) or in the presence of glycosylation inhibitors glucosamine or tunicamycin (Duda & Schlesinger, 1975 ; Leavitt et al., 1977a,b) . However, the protein-linked oligosaccharides were not examined in these studies for the presence of truncated precursor oligosaccharides.
The synthesis of truncated rather than full-size precursor oligosaccharides in uninfected CHO cells following glucose starvation has been previously demonstrated (Gershman & Robbins, 1981; Rearick et al., 1981) , but the possibility of protein underglycosylation (such as that observed for Sindbis viral PE2 and El) was not addressed for the heterogeneous population of cellular glycoproteins. We have observed in the present studies and in previous studies ) that truncated precursor oligosaccharides can be synthesized and transferred to Sindbis viral proteins in significant amounts in virus-infected CHO cells even without glucose starvation, although the relative amounts can vary from one experiment to another. The molecular mechanism(s) responsible for the shift in precursor oligomannosyl core size in CHO cells in response to glucose starvation has not been clearly defined, and it is also unknown whether infection with Sindbis virus modulates the lipid-linked oligosaccharide biosynthesis in a similar or distinct manner.
Although the underglycosylated Sindbis viral PE2 and E1 proteins were apparently not processed into mature E2 and E 1 proteins and incorporated into virions, viral glycoproteins with the full complement of oligosaccharide chains were apparently processed normally and incorporated into virions, regardless of the presence of truncated or full-size precursor oligosaccharides. With the Sindbis virus-infected CHO Glt7 cells, the glucose-mediated effect on the relative amount of truncated and full-size precursor oligosaccharides on newly synthesized PE2 and E1 proteins (Fig. la) was also exhibited in the relative amounts of Man3GlcNAc2 versus MansGlcNAc2 mature, neutral-type oligosaccharides (Fig. 1 b) on virion E1 and E2 proteins. In contrast, the replication of another lipid-enveloped RNA virus, vesicular stomatitis virus (VSV), was temperature-sensitive in the mouse lymphoma cell line that synthesized only truncated precursor oligosaccharides, presumably because the viral G protein with truncated oligosaccharides did not fold properly (was less soluble) at higher temperatures and was inhibited in its intracellular transport (Kornfeld et al., 1979; Gibson et al., 1981) .
In the wild-type CHO cells, many of these Man3GlcNAc2 and MansGlcNAc2 'intermediates' were further processed into complex acidic-type oligosaccharides containing various amounts of terminal sialic acid. The processing of truncated precursor oligosaccharides to complex acidictype oligosaccharides at both glycosylation sites on the VSV G protein has previously been demonstrated to occur by an 'alternate' pathway (Kornfeld et al., 1979), which does not require the action of a-mannosidase II following the addition of the first 'branch' N-acetylglucosamine by Glt7 (Fig. 1 b) . In the case of Sindbis virus glycoproteins, where many of the oligosaccharides on mature glycoproteins were not fully processed into acidic-type structures, our results have suggested a subtle difference between Man3GlcNAc2 and MansGlcNAc2 structures (Fig. 1 b) as substrates for Gltt. Cell-free studies with purified Gltl from bovine colostrum also indicated that the MansGlcNAc2 structure is a slightly better substrate than the Man3GlcNAc2 structure derived from truncated precursor oligosaccharides (Schachter et al., 1983) .
